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PURPOSE: To provide a device high in rectification property and stable in high 
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composite layers of a tin oxide or indium - tin oxides, and a metallic oxide layer 
of a single layer of an indium oxide, a lead oxide, a titanium oxide, or the like 
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CONSTITUTION: A glass substrate 10/ a tin oxide 11 is used as a substrate, and a 
metallic oxide layer 12, an i-type semiconductor layer 13, and an n-type 
semiconductor layer 14 are stacked on it in this order, and silver is used as an 
electrode 15. The transparent oxide electrode 11 consists of a single layer or 
composite layers of a lead oxide or indium-tin oxides, and the metallic oxide layer 
12 consists of a single layer of an indium oxide, a lead oxide, a titanium oxide, a 
tungsten oxide, a nickel oxide, a copper oxide, a indium oxide, or composite layers 
of these combination . By such introduction of the specified metallic oxide layer 12 
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13, excellent properties can be gotten, such as that the rectification property is 
high and that the voltage at open end and the curve factor are extremely high. 
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The transducer has a transparent electrode (11) positioned over a substrate (10) 
which is constituted by a single or multilayer of stannic oxide or indium-tin 
oxide. A metal oxide layer (12), an I-type and a N-type amorphous semiconductor 
layer (13, 14) and a silver electrode (15) are positioned sequentially on the 
transparent electrode. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]ln this invention, highly-efficient-izing of a photovoltaic cell and also the 
open end voltage of a solar battery element are especially raised about highly-efficient-izing of 
an amorphous silicon semiconductor device. 

Therefore, it is related with the composition of the amorphous silicon semiconductor device 
which is high conversion efficiency and attains high-reliability. 

[0002] 

[Description of the Prior Art]The amorphous silicon solar cell is already put in practical use as a 
source of energy supply with a small output not more than about 1 W. However, as a source of 
energy supply with a large output used for electric power, the performance with which it is 
made still satisfied is not reached, but various kinds of examination is carried out aiming at 
improved efficiency. As for the result near the theoretical expectation value guessed from the 
physical properties of the specified noncrystalline semiconductor, about short circuit 

2 

photoelectric current and a curvilinear factor, the result 0.78 is reported by 19 mA/cm and the 
curvilinear factor, for example according to short circuit photoelectric current as a result of 
various kinds of examination. The value near the voltage guessed when open end voltage 
takes into consideration the material physical properties of each class which constitutes an 
optoelectric transducer is obtained. In order to be the high conversion efficiency which aimed 
at the electric power use and to develop the highly reliable amorphous optoelectric transducer 
from such the actual condition and a theoretical result, it is the first technical problem to bring 
the defect of composition each class close to a crystalline material. However, a saturation 
tendency has technical development, progress, etc. which decrease a material defect 
extremely in some numbers as a result of many examination. In the amorphous solar cell 
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constituted by laminating a thin film of 100 nm or less when quality improvement attains with a 
single thin film, A laminating condition, an interfacial characteristic, the steepness of a 
presentation, etc. influence the characteristics, such as conversion efficiency, greatly, and 
many cases where it is difficult to attain high performance are seen. Now the tin oxide mostly 
used into transparent electrode material, Since it is a chemical very activity substance as the 
binding energy is not so so large as about 500 kJ/mol (the Samsonov editorial supervision and 
the newest oxide manual (Japanese SO news agency)) and is used for a catalyst, a sensor 
material, etc., The solid phase reaction with the amorphous semiconductor layer formed after a 
transparent electrode and the process damage at the time of formation arose, low quality- 
ization of the semiconductor layer by the fall of the transparency of a transparent electrode or 
the counter diffusion of an element broke out, and causing the degradation as a thin film solar 
cell was frequently accepted by us. Therefore, the surface stability of transparent electrode 
material is a factor very important for Kougami of the solar cell characteristic. 
[0003] 

[Problem(s) to be Solved by the lnvention]An object of this invention is the improved efficiency 
of an amorphous silicon semiconductor device, and to raise the conversion efficiency of an 
amorphous solar cell, especially open end voltage, and to provide a highly efficient amorphous 
photoelectric conversion device especially. Transparency oxide electrodes mostly used into 
transparent electrode material, such as tin oxide, Solid phase reaction with the amorphous 
semiconductor layer formed after the small binding energy and surface activity, therefore a 
transparency oxide electrode and the process damage at the time of formation arise, Low 
quality-ization of the semiconductor layer by the fall of the transparency of a transparency 
oxide electrode or the counter diffusion of an element broke out, and causing the degradation 
as a thin film solar cell was frequently accepted by us. Then, we think that it is indispensable 
and controlling reduction of this oxide transparent conducting film between a transparency 
oxide electrode and an amorphous semiconductor layer, The structure which introduces a 
metal oxide layer was discovered, as a result, the rectifying characteristic was high, and 
formation of the highly efficient amorphous silicon semiconductor device was attained with high 
open end voltage. 
[0004] 

[Means for Solving the Problem]ln a substrate, a transparency oxide electrode, a metal oxide 
layer, and a noncrystalline semiconductor optoelectric transducer that consists of composition 
of genuineness semiconductor membrane, an n-type semiconductor thin film, and an electrode 
substantially and that were formed by laminating this invention, This transparency oxide 
electrode consists of a monolayer or a double layer of tin oxide or indium oxide tin, This metal 
oxide layer is related from indium oxide, a zinc oxide, oxidation titanium, tungstic oxide, nickel 
oxide, copper oxide, and iridium oxide, without a noncrystalline semiconductor optoelectric 
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transducer consisting of a double layer chosen from monolayers or such combination. It is a 
thing here in which genuineness semiconductor membrane forms a photoactive field of an 
amorphous silicon solar cell substantially. These intrinsic semiconductor thin film is easily 
formed from a compound etc. which have silicon in intramolecular by applying a plasma-CVD 
(chemical vapor deposition) method, and the light CVD and the heat CVD (chemical vapor 
deposition) method. 

[0005]Formation of the intrinsic semiconductor thin film concerned by a CVD method using 
plasma is explained concretely. It is possible by impressing voltage of a direct current or 
exchange to an electrode for plasma generations to generate plasma, and the frequency of 
exchange can use 100 MHz from 20 kHz. 13.56 MHz especially accepted on 50 Hz, 60 Hz, 
and radio law which are the frequency of commercial power is desirable frequency on use. 
However, frequency for these plasma generations (also include a direct current) carries out 

2 2 

this invention, and does not give trouble at all. 0.001 mW/cm - 100 W/cm are used for 
electric power which generates plasma in power-flux-density conversion. A silane compound 
by which material gas is expressed with general formula Si n H 2n+2 (n; one or more positive 

integers), SiH n X 4 (X; -- a halogen atom -- a fluorine atom and a chlorine atom.) a positive 

integer to more than n 14, and Si 2 H n X g n ; (X; -- a halogen atom -- a fluorine atom.) A chlorine 

atom, n; Material gas which is a halogenation silane compound expressed with a positive 
integer to 6 one or more, and is easy to use concretely and industrially, A mono silane (SiH 4 ) 

and a disilane (Si 2 H g ), Trishiran (Si 3 H g ) and silicon tetrafluoride (SiF 4 ), They are a 

difluorosilane (SiH 2 F 2 ), a trifluorosilane (SiHF 3 ), a monofluorosilane (SiHgF), and a hexafluoro 

disilane (Si 2 F g ). These material gas may be diluted with inactive gas or hydrogen gas (argon, 

helium, etc.), and may be used. Volume concentration expresses the diluted material gas 
concerned, and it is 1 - 100 %. 

[0006]lntroduction of material gas is performed through gas flowmeter, and the flow is a part 
for part [ for 1 cc/- ], and 1000-cc/. forming temperature 50 - 400 ** - it is 50-350 ** preferably - 
- a formation pressure -- 0.01 - 100 Torr -- it is preferably carried out by 0.03 - 1.5 Torr. 
[0007]ln addition to plasma CVD method, an optical CVD method and a heat CVD method are 
also possible for the thing [ presenting formation of genuineness semiconductor membrane 
substantially ] concerned, and this invention is carried out, and also it is not restricted in 
particular. 

[0008]A microcrystal thin film and a n type amorphous film of a n type [ thin film / n-type 
semiconductor ] are used effectively. A n type microcrystal silicon thin film, a carbon content 
microcrystal silicon thin film, a micro crystallite silicon carbide thin film, amorphous silicon 
membrane, an amorphous silicon carbon film, an amorphous silicon germane thin film, etc. can 
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be effectively used for these. A compound in which these n-type semiconductor thin film has 
silicon in intramolecular, germane, A compound of the Vth fellows of the periodic tables, such 
as phosphine and an arsine, and hydrogen are mixed in a raw material suitably chosen as 
intramoleculars, such as silyl germane, from a compound which has germanium, hydrocarbon 
gas, etc. according to semiconductor membrane made into the purpose, It is easily formed by 
applying a plasma-CVD (chemical vapor deposition) method and an optical CVD method. 
Diluting the material gas concerned with inactive gas, such as helium and argon, does not bar 
an effect of this invention at all. It is more desirable to dilute with a lot of hydrogen rather in the 
case of a microcrystal silicon system thin film, formation conditions -- forming temperature -- 
50-400 ** -- it is 100 - 350 ** preferably -- a formation pressure -- 0.01 - 5 Torr -- it is preferably 
carried out by 0.03 - 1.5 Torr. When formed by plasma CVD, it is carried out in the range of 

2 

high-frequency power 0.01 - 10 W/cm . When forming a microcrystal silicon system thin film 

especially, it is preferred to carry out in the range of high-frequency power 0.1-10 W/cm . 10- 
50 nm is enough as thickness of an n-type semiconductor thin film. 
[0009]ln this invention, a still more concrete example of ** is given and explained about 
desirable material gas for using. About a compound which has silicon in intramolecular. 
Hydrogenation silicon, such as a mono silane, a disilane, and trishiran, a monomethyl silane, 
Dimethylsilane, trimethylsilane, a tetramethylsilane, an ethylsilane, Hydrogenation silicon of 
alkyl group substitution, such as diethylsilane, vinylsilane, A divinylsilane, a TORIBI nil silane, 
a vinyldisilane, a divinyldisilane, Hydrogenation silicon which has in intramolecular an 
unsaturated hydrocarbon group in which radical polymerizations, such as a propenylsilane and 
an ethenylsilane, are possible, and fluoridation silicon by which all [ a part or ] hydrogen of 
these hydrogenation silicon was replaced with fluoride can be used effectively. 
[0010]As an example of concrete ** of hydrocarbon gas, hydrocarbon gas, such as methane, 
ethane, propane, ethylene, propylene, and acetylene, is useful. In formation of a carbon 
content microcrystal silicon thin film, a micro crystallite silicon carbide thin film, etc., if you use 
these hydrocarbon gas when changing an optical band gap, it is useful. In this purpose, 
materials, such as hydrogenation silicon of alkyl group substitution, hydrogenation silicon 
which has in intramolecular an unsaturated hydrocarbon group in which a radical 
polymerization is possible, and fluoridation silicon by which all [ a part or ] hydrogen of these 
hydrogenation silicon was replaced with fluoride, are also useful. 
[001 1]A transparency oxide electrode as used in the field of this invention consists of 
monolayers of indium oxide tin (ITO) or tin oxide, or these double layers. With a metal oxide 
layer as used in the field of this invention, indium oxide (l n 2 0 3 )> A zinc oxide (ZnO), oxidation 

titanium (Ti0 2 ), tungstic oxide (W0 2 ), Nickel oxide (NiO), copper oxide (CuO, Cu0 2 ), 

Choosing from iridium oxide (IrO ) in a monolayer or two or more combination, from 1 nm, it is 
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100 nm, and preferably, layer thickness is 2 nm to 50 nm, and is 2 nm to 30 nm still more 
preferably. About an oxygen content of these metallic oxides, it sets to carry out this invention, 
and it does not need to be stoichiometrical and is convenient in any way. Formation methods 
of this metal oxide layer are reactive sputtering which targeted sputtering process and metal 
which targeted these metallic oxides, the electron-beam-heating vacuum deposition which 
used metallic-oxide material as a raw material, etc. 

[0012]Although an electrode in particular of this invention is not limited, it is preferred to use a 
metal electrode and, specifically, they are silver, aluminum, chromium, nickel, gold, copper, 
etc. With a substrate as used in the field of this invention, restriction is not received at all for 
carrying out this invention. Specifically Glass plates, such as borosilicate glass, blue plate 
glass, and silica glass, Ceramics plates, such as alumina, boron nitride, and silicon, aluminum, 
A ceramics plate which coated metal plates and these metal, such as stainless steel, 
chromium, titanium, and molybdenum, A board which coated with said metal a sheet and a film 
which consist of polymers, such as a glass plate, polyether sulphone, a polyether ether ketone, 
polycarbonate, polyethylene terephthalate, polyethylenenaphthalate, polyamide, and 
polyimide, and these is used. 

[0013]Structure of an amorphous silicon semiconductor device using a noncrystalline 
semiconductor explained in detail by this invention is based concrete on structure shown in 
drawing 1 by which tin oxide was formed on a blue plate glass plate. Namely, although it forms 
and laminates in order of 14/of metal oxide layer 12 / 13/of i-type semiconductor layer n type 
semiconductor layers, using glass substrate 10 / tin oxide 1 1 as a substrate and a structure 
using silver as the electrode 15 is the most general structure, If composition of a transparency 
oxide electrode / i-type semiconductor layer is removed, in order to carry out this invention 
effectively, it is not restricted in particular. In this invention, although a solar cell of a 
photovoltaic cell is explained in full detail as a photoelectric conversion device, it is clear that 
this invention is effective also in devices (for example, photosensor etc.) which carried out 
photoelectric conversion function use. 
[0014] 
[Example] 

As a forming device of example 1 amorphous silicon solar cell, the film deposition system 
which can apply plasma CVD was used. This device comprises three of the dope film 
membrane formation rooms which form sample preparation / extraction room, i layer 
membrane formation room that forms genuineness semiconductor membrane substantially, 
and an n-type semiconductor thin film. First, the powder of nickel oxide was fused for the glass 
substrate with a transparent electrode which consists of tin oxide with the electron-beam- 
heating method with the electron-beam-evaporation device, and the 2-nm nickel oxide thin film 

was coated with oxygen tension 5 x10 torr on the tin-oxide film. After installing this substrate 
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in a preparation room, substrate heating of the evacuation was performed and carried out. 

-6 

Evacuation is carried out to degree-of-vacuum 1x10 " torr, and 150 ** and 30-minute heating 
are performed. The mono silane was used as the raw material and the substrate concerned 
was transported to the doped layer membrane formation room after i-type semiconductor thin 
film forming by a thickness of 200 nm. The material gas which consists of a mono silane / 
phosphine / hydrogen was introduced so that each flow might become a rate of 10/0.01/500. It 
is an n-type semiconductor thin film by plasma CVD method at the conditions of pressure 0.2 
Torr and forming temperature 150 **. 50-nm thickness was formed. Plasma CVD method used 
the high frequency discharge of 13.56 MHz. The high-frequency power at this time was 1.0 

2 

W/cm . Subsequently, it took out from the system for thin film deposition, and the silver 
electrode was formed with vacuum deposition. It irradiated with the light of AM 1.5 and 100 

mW/cm with the solar simulator, and the photoelectrical characteristic of the amorphous 

silicon solar cell concerned was measured. As a result, open end voltage obtains a very high 

value called 0.40 V and the curvilinear factor 0.66, the effect of this invention is checked, and it 

is photoelectric conversion efficiency. It excelled extremely with 4.0%. 

[0015]ln example 2 Example 1, the substrate in which the tungstic oxide thin film was formed 

on the tin oxide thin film was used. About others, it carried out like Example 1. Tungstic oxide 

was produced by the reactive-sputtering method, and was formed 2 nm. When the 

performance of the obtained solar cell was measured, open end voltages are 0.45V and 

curvilinear factor 0.67 photoelectric conversion efficiency. It excelled with 4.5%. 

[0016]ln example 3 Example 1, the substrate in which the oxidation titanium thin film was 

formed on the tin oxide thin film was used. About others, it carried out like Example 1. 

[0017]ln example 4 Example 1, the substrate in which the copper oxide thin film was formed on 

the tin oxide thin film was used. About others, it carried out like Example 1. 

[0018]ln example 5 Example 1, the substrate in which the zinc oxide thin film was formed on 

the tin oxide thin film was used. About others, it carried out like Example 1. 

[0019]ln example 6 Example 1, the substrate in which the iridium oxide thin film was formed on 

the tin oxide thin film was used. About others, it carried out like Example 1. The above result It 

was collectively shown in [Table 1]. 

[0020] 

[Table 1] 
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[0021]ln comparative example 1 Example 1,the amorphous silicon solar cell was formed on 
the completely same conditions as Example 1 except having used for the transparency oxide 
electrode using the tin oxide the substrate which does not carry out top coating of the metal 
layer. When the performance of the obtained solar cell was measured, open end voltage is 
photoelectric conversion efficiency at 0.30V and curvilinear factor 0.60 short-circuit 

p 

photoelectric current 13.5 mA/cm . They were 2.4%, open end voltage, and the solar cell 

characteristic that a curvilinear factor is low. 

[0022] 

[Effect of the lnvention]Between the transparency oxide electrode and the amorphous 
semiconductor layer, by introducing a specific metal oxide layer, the open end voltage and the 
curvilinear factor of a device property, especially the solar cell characteristic improved 
extremely, and the solar cell of the outstanding characteristic was formed so that clearly from 
the above example and comparative example. That is, this invention contributes to an 
improvement of the photoelectric conversion efficiency of an amorphous silicon solar cell 
greatly in a practical use level. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]ln a substrate, a transparency oxide electrode, a metal oxide layer, and a 
noncrystalline semiconductor optoelectric transducer that consists of composition of 
genuineness semiconductor membrane, an n-type semiconductor thin film, and an electrode 
substantially and that were formed by laminating, This transparency oxide electrode consists of 
a monolayer or a double layer of tin oxide or indium oxide tin, A noncrystalline semiconductor 
optoelectric transducer to which this metal oxide layer is characterized by consisting of a 
double layer chosen from monolayers or such combination from indium oxide, a zinc oxide, 
oxidation titanium, tungstic oxide, nickel oxide, copper oxide, and iridium oxide. 



[Translation done.] 
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